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(54) Color separation for image scanning with more than three colors 

(57) A color separator for an image scanner pro- 
vides more than three colors. Three example embodi- 
ments are provided. Each embodiment incorporates a 
trichromatic dichroic beamsplitter (100), and a polariza- 
tion filter (110). By inserting polarization coatings into 
the optical path, each spectral band from the dichroic 
coated optics is further divided into multiple spectra (f ig- 
ures 2A, 2B, 2C), thereby providing better color informa- 
tion. The polarization filter may be mechanically moved 
to insert one of two polarization areas into a light path 
(figure 1), or different rows of a photosensor array may 
be filtered by different polarization filters (figure 3). or an 
electronically controllable polarization filter may be 
used. In one embodiment, additional conventional color 
absorption filters are also inserted into the light path 
(figured). The spectral response of the dichroic layers in 
the beamsplitter is different than the spectral response 
of the color absorption filters. 
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Description 

FIELD OF INVENTION 

[0001] This invention relates generally to color 5 
image scanning devices such as copiers and digital 
scanners for computers, and more specifically to color 
separators and color filtering within scanners. 

BACKGROUND OF THE INVENTION 10 

[0002] image scanners convert a visible image on a 
document or photograph, or an image in a transparent 
medium, into an electronic form suitable for copying, 
storing or processing by a computer. An image scanner 15 
may be a separate device or an image scanner may be 
a part of a copier, part of a facsimile machine, or part of 
a multipurpose device. Reflective image scanners typi- 
cally have a controlled source of light, and light is 
reflected off the surface of a document, through an 20 
optics system, and onto an array of photosensitive 
devices. The photosensitive devices convert received 
light intensity into an electronic signal. Transparency 
image scanners transmit light through a transparent 
image, for example a photographic positive slide, 25 
through an optics system, and then onto an array of 
photosensitive devices. 

[0003] In a typical image scanner, light from an 
image is focused onto linear arrays of photosensors for 
scanning one line at a time. A two dimensional image is 30 
scanned by providing relative movement between the 
linear sensor arrays and the original image. For gray- 
scale scanning there may be only a single linear array of 
photosensors. In general, a color scanner measures the 
intensity of at least three relatively narrow bands of 35 
wavelengths of visible light, for example, bands of red, 
green and blue. A color scanner may sequentially 
present multiple bands of wavelengths to a single row of 
sensor elements by sequentially moving color filters into 
the light path or by sequentially activating different , 40 
colored light sources. For higher speed, a color scanner 
may simultaneously present multiple bands of wave- 
lengths to multiple rows of sensor elements. For addi- 
tional general background, see for example, K. Douglas 
Genn tten and Michael J. Steinle, "Designing a Scan- 45 
ner with Color Vision," Hewlett-Packard Journal, 
August, 1993, pp 52-58. 

[0004] In some configurations, a color filter is fabri- 
cated directly onto each row of photosensitive elements. 
For a configuration using row filters, for any one line on so 
the document being scanned, intensity of one color is 
measured, then at a later time intensity of a second 
color is measured, and then at a later time intensity of a 
third color is measured. Therefore, memory is required 
to buffer intensity measurements for a line on the 55 
scanned image until the final measurements are com- 
pleted for that line. In other configurations, a color-sep- 
arator/beamsplitter is used to simultaneously present all 



colors from one line on the document being scanned 
onto multiple rows of photosensitive elements. For a 
configuration using a color separator, for any one line on 
the document being scanned, intensity measurement 
for all colors are made simultaneously, thereby eliminat- 
ing the requirement for buffer memory for multiple scans 
of a single line. 

[0005] The human eye comprises three different 
kinds of color receptors (cones) that are sensitive to var- 
ious spectral bands or regions that roughly correspond 
to red, green, and blue light. The receptors are relatively 
"broad band" devices, sensitive to a wide range of 
wavelengths within each color band region. For exam- 
ple, blue receptors are typically sensitive to light having 
wavelengths ranging from about 400 nm to 500 nm; 
green receptors to light having wavelengths ranging 
from about 480 nm to 600 nm; and red receptors to light 
having wavelengths from about 500 nm to 650 nm. 
While the specific sensitivities of the color receptors 
vary from person to person, the average response for 
each receptor has been quantified and is known as the 
"CIE standard observer." 

[0006] The ability to accurately reproduce colors, 
on a psychophysical basis, in a tristimulus system 
requires a fairly close spectral band match between the 
stimuli (display colors or printed colors) and the recep- 
tors (human visual system). Therefore, accurate color 
reproduction may be achieved by ensuring that the color 
measurement devices have spectral bands or ranges 
that match as closely as possible the spectral response 
ranges of the three types of receptors in the human eye. 
Since the receptors of the human eye are sensitive to a 
relatively broad spectral range, for accurate color repro- 
duction, the filters or illumination sources in color scan- 
ners should have similar broad spectral ranges. 
Unfortunately, it is difficult to fabricate filters having 
broad band spectral ranges that can closely approxi- 
mate the response of the human eye. In addition, the 
standard observer model has a blue response that is 
negative for some wavelengths. A negative response is 
not possible with a real filter, but a separate blue filter 
may be used to measure the appropriate bandwidths 
and the measured intensity may be subtracted from 
other blue intensity measurements. 
[0007] Color measurement values with three non- 
ideal filter spectral bands can be linearly transformed, 
using a three by three matrix, into measurement values 
that approximate what is needed for the human visual 
system. In general, measurement with three non-ideal 
filters will result in transformed values that have some 
inaccuracy. In general, measuring the light over more 
than three spectral bands may enable a more accurate 
estimate of the light at each wavelength. For example, 
for two-dimensional photosensor arrays for cameras, 
sensors may be arranged in clusters of four, each sen- 
sor receiving light in one of four bands of wavelengths. 
See, for example, U.S. Patent Number 4,245,241 (Sato 
et a/.). In Sato et a/., the four colors bands are red, yel- 
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low, cyan, and blue. U.S. Patent Number 5,753,906 
(Gennetten), which is incorporated herein for all that it 
discloses, provides a scanner having more than three 
colors by using more than three colors of light sources. 
U. S. Patent Number 5,479,524 (Ferrell et a/.), which is $ 
incorporated herein for all that it discloses, provides a 
scanner having more than three colors by inserting an 
additional color filter in series with the normal filters, and 
making an additional color measurement or scan with 
the filter in place. to 
[0008] There is an ongoing need for a scanner pro- 
viding light intensity measurements over more than 
three spectral bands for improved color accuracy. 

SUMMARY OF THE INVENTION is 

[0009] Three example embodiments are provided. 
Each embodiment incorporates a trichromatic dichroic 
beamsplitter and a polarization filter. The spectral 
bands reflected or transmitted by the dichroic coated 20 
optics are different for different polarization states. By 
inserting polarization coatings into the optical path, 
each spectral band from the dichroic coated optics is 
further divided into multiple spectra. In a first example 
embodiment, a polarization filter is placed in the optical 
path to provide two sequential measurements for each 
row of photosensor elements. Although a polarization 
filter may be mechanically moved into place, or rotated, 
a preferable embodiment is to use an electronic polari- 
zation filter, thereby eliminating mechanical movement 
of the polarization filter. 

[0010] In a second example embodiment, the rows 
of photosensitive elements are logically divided into 
pairs. For each pair of rows, photosensitive elements in 
one row are filtered to receive p-polarized light and pho- 
tosensitive elements in the other row are filtered to 
receive s-polarized light. In the second example embod- 
iment, the polarization coatings may be applied directly 
to the photosensitive arrays, or onto other fixed ele- 
ments in the optical path. In a specific second exampje 
embodiment, a dichroic beam splitter divides incoming 
light into three spectral bands, which are further divided 
into six spectral bands by polarization filters, which in 
turn are received by six rows of photosensor elements. 
[001 1 ] In a third example embodiment, a beamsplit- 
ter, absorption filtering, and polarization filtering are all 
combined. The spectral response of the dichroic layers 
in the beamsplitter is different than the spectral 
response of absorption filters applied directly to photo- 
sensor arrays. By using both kinds of filters, more color 
information is obtained, and better color accuracy may 
be obtained. Adding polarization further extends the 
number of different colors obtained. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Figure 1 is a block diagram side view of a scanner 
in accordance with a first example embodiment of 
the invention. 

Figures 2A, 2B, and 2C are graphs illustrating the 
spectral response of a trichromatic dichroic beam- 
splitter with different responses for each linear 
polarization state. 

Figure 3 is a block diagram side view of a scanner 
in accordance with a second example embodiment 
of the invention. 

Figure 4 is a block diagram side view of a scanner 
in accordance with a third example embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

[0013] In a simplified wave model of natural light, 
the light is treated as a transverse electromagnetic 
wave with a rapidly varying succession of different 
polarization states. For each polarization state, the elec- 
tric field vector may be modeled as rotating around the 
direction of propagation and changing magnitude, trac- 
ing out an ellipse in a fixed space perpendicular to the 
direction of propagation. Special cases of the elliptical 
model result in tracing out a straight line (linear polar- 
ized or plane polarized) or tracing out an ellipse (circular 
polarized). There are two possible orthogonal linear 
polarization lines. In this patent document, the two 
orthogonal linear polarization states will be referred to 
as V and M p." 

[0014] Ideal polarizing filters transmit one polariza- 
tion state and block the orthogonal state. In the following 
discussion, filters will be. described as transmitting one 
polarization state and reflecting or absorbing the 
orthogonal state, but in general, there are no ideal ele- 
ments transmitting, reflecting, or absorbing a single 
state. Instead, in general, the optical elements have 
some degree of asymmetry in that one polarization 
state is transmitted more than the" orthogonal state. 
[0015] For a normal angle of incidence (angle of 
incidence = zero degrees), the optical response (trans- 
missivity versus wavelength) of an interference filter is 
the same for each of the two linear polarization states. 
As the angle of incidence increases, the optical 
response of an interference filter changes with the angle 
of incidence, and the changes are different for each of 
the two linear polarization states. Stated alternatively, at 
any one particular non-zero angle of incidence, the 
shape and wavelengths of the filtering effect is different 
for each of the two linear polarization states. Typically, 
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interference filters are designed with compensation to 
minimize the effects of polarization. The example 
embodiments of the present invention take advantage 
of the differences, and some optical response difference 
between the two linear polarization states is required. 5 
[0016] Figure 1 illustrates a first example embodi- 
ment of the invention. A color separator 100 receives 
white light and separates it spatially into three spectral 
bands, for example, red, green, and blue. A photosen- 
sor array 1 02 includes three rows of photosensitive ele- 10 
ments (104, 106, and 108). Each row of photosensitive 
elements receives one color band from the color sepa- 
rator. An example of a suitable color separator (dichroic 
beamsplitter) may be found in U.S. Patent Number 
4,709,1 44 (Vincent), which is incorporated herein for all 15 
that it discloses. In particular, a color separator in 
accordance with the Vincent patent includes threedich- 
roic layers that selectively reflect certain bands of wave- 
lengths. With an angle of incidence of approximately 45 
degrees as illustrated, the spectral response of each 20 
dichroic layer varies with linear polarization. 
[001 7] In the example embodiment illustrated in fig- 
ure 1, a polarization filter 1 10 is placed in the light path. 
Polarization filter 110 may be rotated to provide two lin- 
ear polarization states, or two separate filters may be 25 
alternately translated into the optical path. At one posi- 
tion (angle of rotation or translation) for the filter 1 1 0, the 
color separator 100 receives s-polarized light Changing 
the position of the filter (1 10) (translating to a separate 
filter area or rotating ninety degrees) then causes the 30 
color separator to receive p-polarized light. Each row of 
photosensor elements (104, 106, 108) makes two sep- 
arate light intensity measurements for each line being 
scanned. Each row measures light intensity with the 
polarizer 1 10 in a position to transmit s-polarized light, 35 
and separately measures light intensity with the polar- 
izer 110 in a position to transmit p-polarized light. 
[0018] Alternatively, filter 110 may be an electronic 
polarization filter, which may remain stationary, and may 
be switched to one of two states electronically. An ,40 
example is a liquid crystal variable retarder available 
from Meadowlark Optics, P.O. Box 1000, 5964 Iris Park- 
way, Frederick, Colorado, 80530. A specific example 
arrangement has a fixed linear polarizer in series with a 
liquid crystal variable retarder. If, for example, the linear 45 
polarizer transmits s-polarized light, the variable 
retarder can be electronically controlled to either rotate 
(phase retard 180 degrees) incoming light to p-polar- 
ized light, or to have no effect and transmit the s-polar- 
ized light. In addition to eliminating the requirement for so 
mechanical motion control, an electronic polarizer can 
provide intermediate phase delay. For example, instead 
of rotating s-polarized light to p-polarized light, the filter 
can provide any phase between s-polarized and p- 
polarized. Therefore, a two-state response can be 55 
"tuned" (phase delay less than 1 80 degrees to provide a 
particular filtering effect) or more than two states can be 
used to expand the number of different colors. For 



example, with three retardation states, a scanner with a 
trichromatic dichroic beamsplitter could generate nine 
colors. 

[0019] Figures 2A, 2B and 2C illustrate the 
response of a trichromatic dichroic beamsplitter with dif- 
ferent responses for each of the two linear orthogonal 
polarization states.. Figures 2A, 2B, and 2C are for illus- 
tration only, and the specific spectral characteristics do 
not accurately represent any particular actual device. In 
each figure, note that the output for s-polarized light is 
shifted toward longer wavelengths relative to the output 
for p-polarized light. Figure 2A represents the "blue" 
output of the beamsplitter, figure 2B represents the 
"green" output, and figure 2C represents the "red" out- 
put. 

[0020] Figure 3 illustrates a second example 
embodiment of the invention. In figure 3, a trichromatic 
dichroic beamsplitter 100 functions as in figure 1 . How- 
ever, in figure 3, instead of one polarization filter that 
affects all light in the light path, the sensor array 300 has 
pairs of rows (302, 304, 306) of sensors, and each row 
is filtered to receive either p-polarized light or s-polar- 
ized light. Whereas the configuration of figure 1 requires 
two (or more) sequential light intensity measurements 
for each scanned line, the configuration of figure 3 
measures light intensity for six "colors" simultaneously. 
However, in the embodiment of figure 3, in contrast to 
the embodiment of figure 1 , the rows of photosensors 
image two different scan lines (308, 310) on the docu- 
ment being imaged. Therefore, some buffer memory is 
required to merge two separate images into one. 
[0021] In figure 3, for simplicity of illustration, the 
polarization filters are depicted as being applied directly 
onto the photosensor array. Typically, however, for fabri- 
cation reasons, only dye based absorption filters are 
applied directly to photosensor elements. The only 
requirement is for a polarization filter to be somewhere 
in the optical path for each row of photosensors. Many 
alternatives are possible. Figures 1 and 3 have been 
simplified for illustration. In figures 1 and 3, the optical 
path length through the beamsplitter 100 is different for 
each of the colors. One solution to equalizing the optical 
path lengths is to simply tilt the sensor array, as illus- 
trated in figures 5A and 6 of Vincent. Another solution is 
to insert an optical path length compensator, as taught 
in U.S. Patent Number 5,040,872, which is incorporated 
herein for all that it discloses. If a path length compen- 
sator is used in the configuration of figure 3, the polari- 
zation filters may be applied to the surfaces of the path 
length compensator. Alternatively, a separate optical 
plate may be attached as a cover to the sensor array, 
with the polarization filters applied on the separate plate 
(see, for example. U.S. Patent Number 5,300,767, 
which is incorporated herein for all that it discloses). 
[0022] Figure 4 illustrates a third example embodi- 
ment of the invention. In figure 4, a trichromatic dichroic 
beamsplitter 100, and a polarization filter 1 10 functions 
as in figures 1 and 3. In figure 4, a photosensor array 
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400 has pairs of rows of sensors as in figure 3. How- 
ever, in figure 4, each row of photosensors is either 
unf iltered (no absorption filter within the band of visible 
wavelengths), or is filtered by an absorption filter 
applied directly to the photosensor array. Rows 402 and 5 
404 each receive light in the red wavelengths, as deter- 
mined by the beamsplitter 100. Row 404 is unf iltered, 
and row 402 is further filtered by a red absorption filter 
that transmits a different band of red wavelengths than 
the band received from the beamsplitter. Similarly, rows 70 
406 and 408 receive green wavelengths, row 408 is 
unfiltered, and row 406 is further filtered by a green 
absorption filter. Rows 410 and 412 receive blue wave- 
lengths, row 412 is unfiltered, and row 410 is further fil- 
tered by a blue absorption filter. Of course, in order to 75 
provide additional information, the spectral response of 
each absorption filter must be different than the spectral 
response of the corresponding dichroic filter, but must 
also overlap. Using a polarization filter 110 with two 
orthogonal polarization states, the embodiment of figure 20 
4 provides a system that measures 12 different colors. 
[0023] In the embodiment of figure 4, as in figure 3, 
the rows of photosensors image two different scan lines 
on the document being imaged. That is, filtered rows 
402, 406, and 410 image scan line 414, and unfiltered 25 
rows 404, 408 and 412 image scan line 416. Therefore, 
some buffer memory is required to merge two separate 
images into one. 

[0024] Three rows of photosensors in figure 4 are 
described as "unfiltered." Note that it is common in 30 
image scanners to suppress infrared wavelengths. If 
infrared filters are not present elsewhere in the light 
path, then infrared filters may be necessary on rows 
404, 408, and 412. Therefore, more precisely, rows 404, 
408, and 412 do not have absorption filters that absorb 35 
wavelengths within the band of wavelengths received 
from the beamsplitter. 

[0025] Three rows of photosensors in figure 4 are 
described as filtering red, green, and blue. Other color 
bands may be suitable, for example, yellow, magenta, 40 
and cyan. 

[0026] Each of the example embodiments depicts a 
system that generates at least six color intensity values 
for each pixel on the document being scanned. In gen- 
eral, any number of distinct color bands greater than 45 
three may be sufficient to provide suitable color informa- 
tion for improved color accuracy. 
[0027] In general, it is not necessary for a scanner 
in accordance with the invention to store or transmit 
more than three color intensity values for every pixel, so 
Instead, a transformation matrix may be used to reduce 
N values to three values, where N is greater than three. 
An Nx3 matrix may be employed for color correction, 
transformation from one color coordinate system to 
another, transformation to a different illuminant, or any 55 
number of other color transformations well known in the 
art. 

[0028] The foregoing description of the present 



invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to 
limit the invention to the precise form disclosed, and 
other modifications and variations may be possible in 
light of the above teachings. The embodiment was cho- 
sen and described in order to best explain the principles 
of the invention and its practical application to thereby 
enable others skilled in the art to best utilize the inven- 
tion in various embodiments and various modifications 
as are suited to the particular use contemplated. It is 
intended that the appended claims be construed to 
include other alternative embodiments of the invention 
except insofar as limited by the prior art. 

Claims 

1 . A color separator comprising: 

a first light filter (100), reflecting at least one 
band of wavelengths that is within a human vis- 
ible band of wavelengths; 
at least one polarization light filter (110), selec- 
tively transmitting some of the light within the 
band of wavelengths reflected by the first light 
filter; and 

an array of photosensors (104, 106, 108), 
receiving light that has been reflected by the 
first light filter and has been transmitted 
through the polarization light filter. 

2. A color separator as in daim 1, wherein the polari- 
zation light filter further comprises a first polariza- 
tion area that transmits one linear polarization state 
and a second polarization area that transmits a sec- 
ond linear polarization state. 

3. A color separator as in claim 2, wherein the polari- 
zation light filter is rotatable, and either the first 
polarization area or the second polarization area is 
rotated into a light path. 

4. A color separator as in claim 1, wherein the selec- 
tive transmission of the polarization light filter is 
electronically controllable. 

5. A color separator as in daim 2, wherein a first row 
of photosensors (302-s, 304-s, 306-s) in the array 
of photosensors receives light being transmitted 
through the first polarization area, and a second 
row of photosensors (302-p, 304-p, 306-p) in the 
array of photosensors receives light being transmit- 
ted through the second polarization area. 

6. A color separator as in daim 1, wherein a first row 
of photosensors (402, 406, 410) in the array of sen- 
sors receives light from the first light filter that is 
transmitted through a color absorption filter, and a 
second row of photosensors (404, 408, 412) in the 
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array of photosensors receives light from the first 
light filter that has not been transmitted through the 
color absorption filter. 
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(54) Color separation for image scanning with more than three colors 

(57) A color separator for an image scanner pro- 
vides more than three colors. Three example embodi- 
ments are provided. Each embodiment incorporates a 
trichromatic dichroic beamsplitter (100), and a polariza- 
tion filter (110). By inserting polarization coatings into 
the optical path, each spectral band from the dichroic 
coated optics is further divided into multiple spectra (fig- 
ures 2A, 2B, 2C). thereby providing better color informa- 
tion. The polarization filter may be mechanically moved 
to insert one of two polarization areas into a light path 
(figure 1), or different rows of a photosensor array may 
be filtered by different polarization filters (figure 3), or an 
electronically controllable polarization filter may be 
used. In one embodiment, additional conventional color 
absorption filters are also inserted into the light path 
(figure 4). The spectral response of the dichroic layers in 
the beamsplitter is different than the spectral response 
of the color absorption filters. 
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